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FUSED CARBONATE-TYPE FUEL CELL 

BACKGROUND OF THE INVENTION 

The present invention relates to a fused carbonate 
type fuel cell, and especially to the structure of a re 
forming catalyst body thereof. 

conventionally there have been employed internal 
reforming types of fused carbonate-type fuel cells em 
ploying a reforming catalyst as shown in FIG. 3. The 
fuel cell as used heretofore and as shown in FIG. 3 
comprises an electrolyte matrix 1, an electrode 2 on the 
fuel gas side, an electrode 3 on the oxidizine gas side, 
both electrodes being adjacent to opposite surfaces of 
the matrix 1, a partition plate 40 for supporting the fuel 
gas side electrode 2 and separating a reforming catalyst 
7, as hereinafter described in more detail, from the elec 
trode 2, a supporting plate 4b for supporting the other 
electrode 3, corrugated plates 5a and 5b, forming reac 
tion gas passages on the fuel gas side and on the oxidiz 
ing gas side, respectively, and a separator plate 6. The 
separator plate 6 acts to separate a fuel gas passage from 
an oxidizing gas passage and also acts to electrically 
connect in series a plurality of single cells comprising 
the electrolyte matrix 1, the electrode 2 on the fuel gas 
side, and the electrode 3 on the oxidizing gas side when 
a number of single cells are stacked one another. The 
reforming catalysts 7, disposed on both sides of the 
corrugated plate 50 on the fuel gas side, comprises 
nickel supported on a alumina-magnesia based carrier. 
These catalysts are commercially available in a spheri 
cal or cylindrical form, and are generally several mm in 
size. 

The operation of the above-mentioned cell will now 
be described. A fuel gas comprising a hydrocarbon and 
steam as the major components and an oxidizing gas 
comprising oxygen and carbon dioxide as the major 
components are fed to the fused carbonate-type fuel cell 
in a cross ?ow into the fuel gas passage and the oxidiz 
ing gas passage, respectively. The hydrocarbon compo 
nent in the fuel gas is converted upon contact with the 
reforming catalyst 7 in the presence of steam to a fuel 
gas comprising hydrogen and carbon monoxide as the 
main component as shown in Equations (l)-(3) set forth 
below: 

1 
CH4 + H20 —9 co + 3H; + 49.3 Kcal/mol ( ) 

2 
CnI-Im + 111-120 % nCO + ill H2 ( ) 

3 
co + H2O —-> c0; + 1-12 - 9.8 Kcal/mol ( ) 

These reactions are as a whole endothermic and there 
fore are carried out by utilizing heat produced in the 
fused carbonate-type fuel cell. The resultant gases con 
taining hydrogen and carbon monoxide diffuse through 
holes in the partition plate 4a and oxygen and carbon 
dioxide in the oxidizing gas diffuse through holes in the 
supporting plate 4b. Thus, the hydrogen and carbon 
monoxide and the oxygen and carbon dioxide react on 
the electrode 2 on the fuel gas side and on the electrode 
3 on the oxidizing gas side as follows: 
On the electrode 2 on the fuel gas side, 
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On the electrode 3 on the oxidizing gas side, 

§O2+CO2+2e—->CO32" (6) 

By these chemical-electrochemical reactions the 
chemical energy contained in the fuel gas is converted 
to electrical energy and thermal energy. Most of the 
thermal energy thus produced is utilized as set forth 
before to supply the heat required for the reaction heat 
in order to decompose the hydrocarbons in the gas flow 
passage by contact with the catalyst 7. This means a 
signi?cant improvement in heat efficiency, which is one 
characteristic of the internal reforming system. 

In the above system, however, since the commer 
cially available reforming catalysts 7 are in the form of 
spherical or cylindrical particles it is necessary to hold 
the particles of the reforming catalyst 7 in the fuel gas 
passages by packing them as shown in FIG. 3. How 
ever, such packing and holding of the catalyst makes its 
handling very dif?cult during fabrication of the inter 
nally reforming-type fused carbonate salt fuel cell. Also 
uniform packing of the catalyst is achieved only with 
difficulty which makes it dif?cult to achieve uniform 
contact for the reactant gas with the reforming catalyst 
7, with the results that no effective utilization of the 
reforming catalyst 7 takes place. 

Further, the reforming catalyst 7 decreases in activity 
on contact with an electrolyte contained in the elec 
trode 2 on the fuel gas side or in the electrolyte matrix 
1. In order to avoid such a decrease in activity, the 
catalyst particles must be prevented from making direct 
contact with the electrolyte by the partition plate 4a. 
However, the contact of the reforming catalyst 7 and 
the electrolyte may happen due to vibration or upon 
supplying the electrolyte. If such contact should occur 
wetting of only a portion of the catalyst with the elec 
trolyte may spread over a wide area of the catalyst 
because of the construction being such that the catalyst 
particles are held in contact with each other, with the 
results that signi?cant reduction of the activity of the 
catalyst will take place. 
As the fused carbonate-type fuel cells employing the 

reforming catalyst of the prior art have the constitution 
as set forth above, they have the drawbacks that resis 
tance to wetting is low, uniform contact between the 
reforming catalyst and the reaction gases is difficult, 
and handling upon fabrication of the cells is cumber 
some. 

SUMMARY OF THE INVENTION 

The object of the present invention is to eliminate the 
drawbacks of the prior art cells. Thus, one object of the 
present invention is to provide a fused carbonate type 
fuel cell in which a uniform contact between the re 
forming catalyst and the reaction gases which makes it 
possible to efficiently use the catalyst. 
Another object of the present invention is to provide 

a fused carbonate-type fuel cell in which wetting of the 
catalyst by the electrolyte can be prevented or limited 
to a minimum. 
A further object of the present invention is to provide 

a fused carbonate-type fuel cell whose catalyst can be ' 
easily handled during fabrication of the cell. 
The fused carbonate-type fuel cell according to the 

present invention comprises a fused carbonate type 
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electrolyte matrix 1, electrodes 2 and 3 in contact with 
the opposite surfaces of the electrolyte matrix 1, one 
electrode 2 being positioned on the fuel gas side and the 
other electrode 3 being positioned on the oxidizing gas 
side, a partition plate 40 for supporting the electrode 2 
on the fuel gas side, a supporting plate 417 for supporting 
the electrode 3 on the oxidizing gas side, a corrugated 
plate 5b positioned adjacent to the supporting plate 4b 
for providing gas passages of oxidizing gases, a reform 
ing catalyst body positioned adjacent to the partition 
plate 40 and a separator plate 6 for separating the fuel 
gas passages from the oxidizing gas passages in adjacent 
stacked single fused carbonate-type fuel cell. The im 
provement comprises said reforming catalyst being 
disposed in the fuel gas passage by ?xing or holding 
catalyst particles carried on carrier particles in a porous 
body. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 3 is a perspective view, partly in section, of a 
conventional fused carbonate-type fuel cells, 
FIG. 2 is a perspective view illustrating the reform 

ing catalyst according to the present invention, 
FIG. 1 is a perspective view, partly in section, show 

ing the fused carbonate type fuel cells according to the 
present invention, and 
FIG. 4 is a flow sheet for the production of said re 

forming catalyst according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention will be now described with 
respect to a preferred embodiment thereof while refer 
ring to the drawings. 
FIG. 2 is a perspective view of the reforming catalyst 

body 8 which constitutes the key portion of one em 
bodiment the present invention. The reforming catalyst 
body 8 is composed of a porous mass such as a metallic 
porous mass 8a and reforming catalyst particles which 
are ?xed or held within the metallic porous mass 80. 
The reforming catalyst particles 7 comprise a catalytic 
active component such as nickel carried on an alumina, 
magnesia based carrier. . 
FIG. 1 is a perspective view, partly in section, of the 

fused carbonate type fuel cell in which the reforming 
catalyst body 8 is disposed in the fuel gas ?ow passage. 
The electrolyte matrix 1, the electrode 2 on the fuel gas 
side, the electrode 3 on the oxidizing gas side, the parti 
tion plate 4a, the supporting plate 412; the corrugated 
plate 5b and the separator and the separator plate 6 are 
all similarly arranged and act in a manner similar to the 
conventional ones. The reforming catalyst body 8 has 
the reforming catalyst particles 7 carried on a carrier 
which is ?xed or held therein. 
The operation of the fused carbonate-type fuel cell 

employing the reforming catalyst according to the pres 
ent invention will now be explained. 
A fuel gas comprising hydrocarbons and steam as the 

main components is fed to the porous reforming catalyst 
body 8 disposed in the fuel gas flow passage and con 
verted, i.e., reformed to fuel gases based on hydrogen 
and carbon monoxide by the action of the reforming 
catalyst 7 according to the reactions in Equations (1), 
(2) and (3). The resulting hydrogen and carbon monix 
ide diffuse throughout the empty space within the re 
forming catalyst body 8, after which they pass to the 
electrode 2 on the fuel gas side via the partition plate 4a. 
The hydrogen and oxygen are consumed at the elec 
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4 
trode according to the reactions set forth in Equations 
(4) and (6) to produce electric energy and heat energy. 

In the embodiment in FIG. 1 according to the present 
invention, the reforming catalyst 7 is ?xed or held by 
the metallic porous body 8a, thereby obtaining better 
diffusion of reactant gases and product gases, thus per 
mitting ef?cient utilization of the reforming catalyst 7. 
Moreover, the particles of reforming catalyst 7 are 

integrated with the metallic porous body 80, which 
facilitates the handling of the reforming catalyst 7 upon 
fabrication of the fuel cell. 
The ?xing or the securely holding of the reforming 

catalyst 7 in the form of non-mutual contact of said 
catalyst 7 by the metallic porous body prevents the 
spreading of wetting by the fused electrolyte caused by 
the direct contact of the catalyst with each other 
thereby suppressing the reduction of the catalyst activ 
ity to a minimum. Further, by taking advantage of the 
non-wettability of nickel or nickel base alloy against the 
electrolyte, that is, utilizing nickel or nickel base alloy 
as the material for the metallic porous body 80, wetting 
by the electrolyte of the reforming catalyst 7 can be 
effectively prevented. 
As the carrier for the catalyst 7, there may preferably 

be used lithium aluminate (LiAlOZ) which is stable 
against the electrolyte. Thus the catalyst body 8 com 
prising the metallic porous body 80 composed of nickel 
or a nickel base alloy and the reforming catalyst 7 car 
ried on a lithium aluminate carrier provides more stable 
catalyst performance. 

In order to maintain good diffusion of the reacting 
gases and product gases within the reforming catalyst 
body 8, the porosity of the metallic porous body 80 is of 
importance and it is preferablely 50-99% and the pore 
size is desirably 0.5-3 mm. As the metallic porous body 
811, there may be employed sintered metal, foamed 
metal, and the like. Thereinafter, the method of making 
foamed metal capable of easily achieving a high poros 
ity will be explained. 
FIG. 4 illustrates a preparation process using a 

foamed metal as the porous metal body. A resin mate 
rial, a foaming agent, and a reforming catalyst material 
are kneaded at a temperature lower than the foaming 
temperature of the foaming agent, and the foaming 
agent is.foamed at a temperature higher than the foam 
ing temperature of the foaming agent under pressure 
adjusted so as to control the foam size. Then, the resin 
is cured and a plastic foams in which the reforming 
catalyst material is dispersed is formed. For example, 
100 parts by weight of a novolac type phenolic resin as 
the resin material, 16 parts by weight of benzene sul 
fonylhydrazide as the foaming agent, 12 parts by weight 
of hexamethylene-tetramine as the curing agent, and 40 
parts by weight of a reforming catalyst (marketed under 
the tradename of ”N-l39” by Nikki Kagaku K.K.) are 
kneaded at 60° C., and hot foaming is effected at 120° C. 
under normal pressure, and curing is effected at 180° C. 
to form a plastic foam in which the reforming catalyst is 
dispersed. In addition, ordinary foamable resins such as 
polyethylene, polypropylene, polyurethane, and poly 
styrene can be used as the resin material. Ordinary 
foaming agent such as sodium bicarbonate, an azo com 
pound, an isocyanate compound, and an organic solvent 
such as, hexane or benzene may be used instead of the 
above-mentioned foaming agent. An electrically con 
ducting treatment by non-electric plating is performed 
on the surfaces of cells of the plastic foam. Then, a 
metal such as Ni is deposited on the surfaces of cells of 



4,618,543 
5 

the plastic foam by electric plating to form a skeleton 
structure of the metal. Finally, heat treatment is carried 
out at a temperature higher than the decomposition 
temperature of the resin, such as at 500° C. or a higher 
temperature, to decompose the resin and obtain the 
reforming catalyst body 8 comprising the skeleton 
structure of the metal, i.e., the porous metal body 8a, 
and the reforming catalyst 7 included therein. 

In the above-mentioned preparation process, the re 
forming catalyst 7 comprising a catalytic active sub 
stance already supported on a carrier (catalyst carrier) 
is used as the reforming catalyst material shown in FIG. 
4. However, there may be adopted a modi?cation in 
which a catalyst carrier alone is used as a material cor 
responding to the reforming catalyst material shown in 
FIG. 4 and the catalytic active substance is supported 
by deposition by dipping in a solution of Ni at the time 
of the electrically conducting treatment or after the 
heat treatment in the process shown in FIG. 4. 

In the foregoing embodiment, a fused carbonate fuel 
cell of the type where the reforming catalyst body is 
arranged in the fuel gas passage to effect the reforming 
(conversion) reaction is illustrated. However, the re 
forming catalyst body may be arranged in a manifold of 
the fused carbonate-type fuel cell. 
As is apparent from the foregoing description, ac 

cording to the present invention, since a reforming 
catalyst body comprising a reforming catalyst secured 
or held in a porous body is arranged in a fuel gas pas 
sage, uniform contact can be attained between the re 
forming catalyst and the raction gas. Therefore, the 
reforming catalyst can be effectively utilized. Further 
more, propagation of wetting by the electrolyte is pre 
vented and reduction of the activity of the reforming 
catalyst can be controlled to a very low level, and a 
fused carbonate-type fuel cell having a reforming cata 
lyst that can be easily handled can be provided. 
We claim: 
1. A fused carbonate-type fuel cell comprising 
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6 
a fused carbonate electrolyte matrix, 
a ?rst and second electrodes in contact with the op 

posite surfaces of the electrolyte matrix, the ?rst 
electrode being positioned on a fuel gas side and 
the second electrode being positioned on an oxidiz 
ing gas side, 

a partition plate for supporting the ?rst electrode on 
the fuel gas side and a supporting plate for support 
ing the second electrode on the oxidizing gas side, 

an oxidizing gas passageway adjacent to the support 
ing plate for supporting the second electrode, and 

a fuel gas passageway adjacent the supporting plate 
for supporting the ?rst electrode, which passage 
way contains a reforming catalyst which comprises 
catalyst particles supported on a carrier held in a 
metallic porous body disposed in the fuel gas pas 
sageway. 

2. A fused carbonate type fuel cell according to claim 
1, wherein the porous body is a porous metal body. 

3. A fused carbonate type fuel cell according to claim 
2, wherein the porous metal body is composed of nickel 
or a nickel alloy. 

4. A fused carbonate type fuel cell according to claim 
2, wherein the porous metal body is a foamed metal. 

5. A fused carbonate type fuel cell according to claim 
4, wherein the foamed metal is composed of nickel or a 
nickel alloy. 

6. The fused carbonate type fuel cell of claim 1, 
wherein the catalyst is nickel based and the porous 
metal body is comprised of nickel or a nickel alloy. ‘ 

7. The fused carbonate type fuel cell of claim 6, 
wherein the carrier is an alumina, magnesia based car 
ner. 

8. The fused carbonate type fuel cell of claim 6 
wherein the carrier is comprised of lithium aluminate. 

9. The fused carbonate type fuel cell of claim 1, 
wherein said metallic porous body is composed of 
nickel or a nickel base alloy. 

It * * * * 


